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u Background of Invention 

Q [0001] Field of Invention 



■ r-.ri 



T [0002] The present invention relates to a flip-chip package substrate. More particularly, 
fl the present invention relates to a flip-chip package substrate having a lower plane 

inductance and synchronous switching noise (SSN). 

o 

61 [0003] Description of Related Art 

Q 

2 [0004] Flip-chip (FC) bonding is a common type of packaging technique in a chip scale 
pj package (CSP). To form a flip-chip package, an array of die pads is formed on the 

active surface of a die. A bump is formed over each die pad. Finally, the die is flipped 
over so that the bumps can be attached to corresponding contacts, also known as 
bump pads, on a carrier. Since a flip-chip package occupies a small area and reduces 
signal transmission paths, flip-chip bonding technique has been widely adopted to 
produce various types of chip packages. 

[0005] 

Fig. 1 is a schematic cross-sectional view of a conventional flip-chip package. As 
shown in Fig. 1 , the flip-chip package includes a flip-chip package substrate 20 and a 
die 10. The flip-chip package substrate 20 consists of alternately stacked wiring 
layers 26 and insulation layers 28. A plurality of conductive plugs 30 that passes 
through the insulation layer 28 is used for connecting the wiring layers 26 electrically. 

APP ID=1 0064061 Pa § e 1 of 23 



In addition, the uppermost surface 22 of the flip-chip package substrate 20 has a 
plurality of bump pads 34 for connecting with bumps 1 6 on the die 1 0. The bump 
pads 34 are attached to the uppermost wiring layer 26 (the wiring layer closest to the 
upper surface 22). On the other hand, the bumps 1 6 are attached to the upper surface 
of the die pads 14 on the active surface 12 of the die 10. Furthermore, the bump pads 
34 on the upper surface 22 of the flip-chip package substrate 20 are wired to the ball 
pads 36 on the bottom surface 24 through multiples of wiring layers 26 and 
conductive plugs 30. The ball pads 36 are attached to the lowest wiring layer (closest 
to the bottom surface 24). A conductive structure such as a solder ball may also be 
attached to each ball pad 36 so that the package is electrically connected to the next 
level of electronic device. Hence, the die 10 is able to transmit signals to external 
electronic devices through the flip-chip package substrate 20. 

Q [0006] Fig. 2A is a top view of the die in Fig. 1 . The active surface 1 02 of the die 1 00 in 
^ Fig. 2A has a plurality of die pads 106 (the die pads 14 in Fig. 1). According to 

signaling function (including signal, power, ground and core power/ground) in the die 
100, die pads 106 may be classified into signal pads 106a, power pads 106b, ground 
pads 1 06c and core pads 1 08. In general, the signal pads 1 06a, the power pads 1 06b 

as 

Q and the ground pads 106c are distributed outside and around the cored pad region 

m 

g 1 1 0 while the core pads 1 08 are positioned within the core pad region 1 1 0, To collect 

51 die pads having identical function in one place, the signal pads 106a are enclosed 

glj within one or more signal pad rings 1 12a. Similarly, the power pads 106b are 

enclosed within one or more power pad rings 1 1 2b and the ground pads 1 06c are 
enclosed within one or more ground pad rings 1 1 2c. The signal pad rings, the power 
pad rings 1 1 2b and the ground pad rings 1 1 2c are all concentrically laid around the 
core region 1 10 on the active surface 102 of the die 100. Meanwhile, all the core pads 
1 08 are positioned inside the central core region 1 1 0. 



[0007] 



Fig. 3A is a top view of the central portion of the die in Fig. 1 showing a 
distribution of core power pads and core ground pads. As shown in Fig. 3A, the core 
pads 1 08 are divided into core power pads 1 08a and core ground pads 1 08b. The 
core power pads 1 08a and the core ground pads 1 08b form an alternately positioned 
array. Fig. 3B is a top view of the central portion of the die in Fig. 1 showing an 
alternative distribution of core power pads and core ground pads. In Fig. 3B, the core 
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power pads 108a are grouped together to form at least a core power pad ring 1 14a 
and core ground pads 1 08b are similarly grouped together to form at least a core 
ground pad ring 1 14b. Both the core power pad ring 1 14a and the core ground pad 
ring 1 14b are concentric to the central region of the die. 

0008] Fig. 2B is a top view of a flip-chip package substrate within the package shown in 
Fig. 1 . The ball pads 1 36 of a conventional flip-chip package substrate 1 30 
correspond to the signal pads 1 06a, the power pads 1 06b, the ground pads 1 06c and 
the core power/ground pads 1 08 in Fig. 2A. In other words, the ball pads 1 36 may be 
classified into signal ball pads 136a, power ball pads 136b, ground ball pads 136c 
and core ball pads 1 38. The core ball pads 1 38 lies within the core region 1 40. 
However, the signal ball pads 1 36a, the power ball pads 1 36b and the ground ball 
pads 136c are randomly distributed on the bottom surface 134 of the flip-chip 
package substrate 130. Hence, there is a mismatch between the ball pads on the 
substrate 130 and the signal pads 1 06a, the power pads 106b and the ground pads 
106c on the die 100 shown in Fig. 2A. Ultimately, overall length of wires linking the 
die pads 1 06 to the ball pads 1 36 is increased leading to a longer current path and a 
greater plane inductance. 

Summary of Invention 

[0009] Accordingly, one object of the present invention is to provide a flip-chip package 
substrate having ball pads arranged to match the die pads on a die having a multiple 
pad ring"s structure. Ultimately, overall wiring length from the die pads on the die to 
the ball pads on the substrate, plane inductance and synchronous switching noise of 
the package are all reduced while electrical performance of the package is improved. 

[001 0] Tq achjeve these and other advantages and in accordance with the purpose of the 
invention, as embodied and broadly described herein, the invention provides a flip- 
chip package substrate. The flip-chip package substrate is a stack structure 
comprising a plurality of wiring layers such that neighboring wiring layers are 
separated from each other by an insulation layer. The substrate also includes one or 
more conductive plugs that pass through the insulation layer for electrically 
connecting wiring layers. The uppermost wiring layer has a plurality of core bump 
pads, a plurality of signal bump pads, a plurality of power bump pads and a plurality 
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of ground bump pads. The signal bump pads, the power bump pads and the ground 
bump pads are grouped together to form one or more signal bump pad rings, one or 
more power bump pad rings and one or more ground bump pad rings. The signal 
bump pad rings, the power bump pad rings and the ground bump pad rings are 
distributed concentrically around the central region of the substrate. In addition, the 
bottommost wiring layer has a plurality of core ball pads, a plurality of signal ball 
pads, a plurality of power ball pads and a plurality of ground ball pads. The signal ball 
pads, the power ball pads and the ground ball pads are grouped together to form one 
or more signal ball pad rings, one or more power ball pad rings and one or more 
ground ball pad rings. The signal ball pad rings, the power ball pad rings and the 
ground ball pad rings are concentrically distributed around the central region of the 
substrate. 

fy [001 1] It is to be understood that both the foregoing general description and the 

O following detailed description are exemplary, and are intended to provide further 

f? 

,|3 explanation of the invention as claimed. 

Brief Description of Drawings 

[001 2] The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, together with the description, 
serve to explain the principles of the invention. In the drawings, 

[001 3] Fig. 1 is a schematic cross-sectional view of a conventional flip-chip package; 

[001 4] Fig. 2A is a top view of the die shown in Fig. 1 ; 

[001 5] Fig. 2B is a top view of a flip-chip package substrate shown in Fig. 1 ; 

[001 6] Fig. 3 A is a top view of the central portion of the die in Fig. 1 showing a 
distribution of core power pads and core ground pads; 

[0017] Fig. 3B is a top view of the central portion of the die in Fig. 1 showing an 
alternative distribution of core power pads and core ground pads; 

[0018] 

Fig. 4 is a top view showing a portion of a flip-chip package substrate fabricated 
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according to one preferred embodiment of this invention; 



[0019] Fig. 5A is a top view of the central portion of the substrate in Fig. 4 showing an 
alternative distribution of core power bump pads and core ground bump pads; 

[0020] Fig. 5B is a top view of the central portion of the substrate in Fig. 4 showing a ring 
distribution of core power bump pads and core ground bump pads; 

[0021] Fig. 6 is a bottom view of the flip-chip package substrate shown in Fig. 4; 

[0022] Fig. 7 A is a top view of the central portion of the substrate in Fig. 6 showing an 
alternative distribution of core power ball pads and core ground ball pads; 

[0023] Fig. 7B is a top view of the central portion of the substrate in Fig. 6 showing a ring 
distribution of core power ball pads and core ground ball pads; and 



q [0024] Fig. 8 is a graph for plane inductance versus position between a flip-chip package 

m 

v * substrate fabricated according to this invention and a prior art. 



La 



Detailed Description 



* [0025] Reference will now be made in detail to the present preferred embodiments of the 

Q 

m invention, examples of which are illustrated in the accompanying drawings. Wherever 

p possible, the same reference numbers are used in the drawings and the description to 

p refer to the same or like parts. 

m . 

[0026] 

Fig. 4 is a top view showing a portion of a flip-chip package substrate fabricated 
according to one preferred embodiment of this invention. The flip-chip package 
substrate 200 in Fig. 4 and the flip-chip package substrate 20 in Fig. 1 are structurally 
identical. The flip-chip package substrate 200 similarly includes a plurality of wiring 
layers 26, at least one insulation layer 28 and a plurality of conductive plugs 30. The 
wiring layers 26 and the insulation layers 28 together form a stack structure having an 
insulation layer sandwiched between two neighboring wiring layers 26 and vice versa. 
The conductive plugs 30 passes through the insulation layer 28 for electrically 
connecting two wiring layers 26. In addition, the upper surface 22 and the bottom 
surface 24 of the flip-chip package substrate 200 both have a solder mask 32. The 
solder mask 32 protects the outermost wiring layer 26 and underlying insulation layer 
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28 and exposes a set of bump pads 34 and a set of ball pads 36 respectively. The 
bump pads 34 are attached to the uppermost wiring layer 26 (closest to the upper 
surface 22 of Fig. 1). On the other hand, the ball pads 36 are attached to the 
bottommost wiring layer 26 (closest to the bottom surface 24 of Fig. 1). 

[0027] As shown in Fig. 4, the upper surface 202 (the upper surface 22 in Fig. 1 ) of the 
flip-chip package substrate 200 has a junction region 220 for bonding with the die in 
Fig. 2A. The upper surface 202 of the flip-chip package substrate 200 has a plurality 
of bump pads 206 (the bump pads 34 in Fig. 1) that corresponds to the signal pads 
1 06a, power pads 1 06b, ground pads 1 06c and core pads 1 08 (the die 1 00 in Fig. 
2A). Accordingly, the signal bump pads 206 are divided into signal bump pads 206a, 
power bump pads 206b, ground bump pads 206c and core bump pads 208. The 
signal bump pads 206a, the power bump pads 206b and ground bump pads 206c 
surround the core bump pads 208 to form one or more signal bump pad rings 21 2a, 
one or more power bump pad rings 21 2b and one or more ground bump pad rings 
21 2c. The signal bump pad rings 212a, the power bump pad rings 212b, the ground 
bump pad rings 21 2c form concentric rings on the upper surface 202 of the substrate 
200 around the central core bump pads 208. 



pi 

'8* ? 



m [0028] Figs. 5A and 5B are top views of the central portion of the substrate in Fig. 4 

showing two types of distribution of core power bump pads and core ground bump 
pads. Since the core pads 108 of the die 100 in Fig. 2A may be divided into core 
^ power pads 1 08a and core ground pads 1 08b as in Figs. 3A and 3B, the core bump 

pads 208 in Fig. 4 are also divided into core power bump pads 208a and core ground 
bump pads 208b. To correspond to the layout of core power pads 1 08a and core 
ground pads 1 08b in Fig. 3A, the core power bump pads 208a and the core ground 
bump pads 208b are also alternately positioned to form an array inside the core 
region 210 as shown in Fig. 5A. Similarly, to correspond to the layout of core power 
pads 1 08a and core ground pads 1 08b in Fig. 3B, the core power bump pads 208a 
and the core ground bump pads 208b are gathered to form one or more core power 
bump rings 214a and one or more core ground bump rings 214b distributed 
concentrically around the core region 210. 

[0029] 

Fig. 6 is a bottom view of the flip-chip package substrate shown in Fig. 4. The 
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bottom surface 204 of the flip-chip package substrate 200 has a plurality of ball pads 
36. The ball pads 36 are attached to the bottommost wiring layer 26 (the wiring layer 
closest to the bottom surface 241) as shown in Fig. 1 . The ball pads 36 match the 
signal bump pads 206a, the power bump pads 206b, the ground bump pads 206c and 
the core bump pads 208 on the upper surface 202 of the substrate 200. Hence, the 
ball pads 36 may be divided into signal ball pads 236a, power ball pads 236b, ground 
ball pads 236c and core ball pads 238. The core ball pads 238 are formed inside the 
core region 240. The signal ball pads 236a, the power ball pads 236b and the ground 
ball pads 236c are gathered to form one or more signal ball pad rings 242a, power 
ball pad rings 242b and ground ball pad rings 242c. Furthermore, the signal ball pad 
rings 242a, the power ball pad rings 242b and the ground ball pad rings 242c 
distributes concentrically around the core pads 238 on the bottom surface 204 of the 
flip-chip package substrate 200. 

[0030] To shorten the wiring distance between the bump pads and the ball pads and to 
reduce plane inductance and synchronous switching noise, refer to Figs. 4 and 6. As 
shown in Figs. 4 and 6, the ordering of the signal ball pad rings 242a, the power ball 
pad rings 242b and the ground ball pad rings 242c on the bottom surface 204 of the 
substrate 200 is identical to the ordering of the signal bump pad rings 212a, the 
power bump pad rings 212b and the ground bump pad rings 212c on the upper 
surface 202 of the substrate 200. For example, if the signal bump pad ring 212a is 
the outermost ring, the signal ball pad ring 242a also occupies the outermost region. 
With this arrangement, signal bump pads 206a within the outermost ring are wired 
down to the signal ball pads 236a within the outmost region. Similarly, if the signal 
bump pad ring 212a is the innermost ring, the signal ball pad ring 242a also occupies 
the innermost region. With this arrangement, signal bump pads 206a within the 
innermost ring are wired down to the signal ball pads 236a within the innermost 
region. Since a bump pad 206 inside an outer ring are wired down to a corresponding 
ball pads 236 inside an outer ring while a bump pad 206 inside an inner ring are 
wired down to a corresponding ball pads 236 inside an inner ring, overall wiring 
length between the bump pads 106 and the ball pads 236 is greatly reduced. 
Ultimately, plane inductance and synchronous switching noise are reduced and 
electrical performance of the package is improved. 
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[0031] Figs. 7 A and 7B are top views of the central portion of the substrate in Fig. 6 

showing two types of distribution of core power ball pads and core ground ball pads, 
Since the core ball pads 238 in Fig. 6 correspond to the core power bump pads 208a 
and core ground bump pads 208b in Figs. 5A and 5B, the core ball pads 238 can be 
divided into core power ball pads 238a and core ground ball pads 238b. To 
correspond to the layout of core power bump pads 208a and core ground bump pads 
208b in Fig. 5A, the core power ball pads 238a and the core ground ball pads 238b 
are also alternately positioned to form an array inside the core region 240 as shown in 
Fig. 7A. Similarly, to correspond to the layout of core power bump pads 208a and core 
ground bump pads 208b in Fig. 5B, the core power ball pads 238a and the core 
ground ball pads 238b are gathered to form one or more core power ball rings 244a 
and one or more core ground ball rings 244b distributed concentrically around the 
core region 240. 

[0032] Fig. 8 is a graph for comparing plane inductance relative to position between a 

flip-chip package substrate fabricated according to this invention and a conventional 
flip-chip package substrate. In general, the schematic layout of bumps on a 
conventional flip-chip die is unrelated to the layout of ball pads on the substrate and 
internal wiring inside the substrate. Uncoordinated scheduling between the bump 
pads and corresponding ball pads often leads to an overall increase in wiring lengths. 
When an inductance measurement is taken for a block of randomly distributed 
bonding pads in the flip-chip package substrate, the measured inductance as 
indicated in curve 301 is considerably inflated near the ends. The reason is that both 
ends of the block contain ball pads belonging to a different category. Consequently, 
electrical performance of the flip-chip package severely compromised. In this 
invention, however, the distribution of the ball pads matches the bump pads within 
the bump pad rings so that overall length of wires between the bump pads and the 
ball pads are optimized. Since similar types of ball pads are grouped together and 
arranged in order, measure inductance within a block as indicated by the curve 302 
has a lower overall inductance value especially near the ends. Ultimately, electrical 
performance of the die inside the flip-chip package is improved. 

[0033] In summary, major advantages of the flip-chip package substrate includes: 



[0034] 1 . The flip-chip package substrate is specially designed such that the power and 
ground ball pads are gathered together in one place. Hence, printed circuit board 
layout of the flip-chip package substrate and the carrier are facilitated. 

[0035] 2. The flip-chip package substrate is designed such that bumps on a flip-chip die 
are wired to the ball pads on the substrate via the shortest wiring route. Hence, plane 
inductance is reduced and synchronous switching noise is damped down. 

[0036] 3. The flip-chip package substrate concentrates the power and ground ball pads 
in one place so that a surface layout having thicker lines is possible. Hence, wiring 
resistance is reduced and better electrical performance is obtained. 

[0037] 4. The flip-chip package substrate permits the same group of signals from the die 
to travel close to each other and connect to the required power or ground more 
q uniformly. 

o • 

W [0038] The flip-chip package substrate fabricated according to this invention matches the 
conventional die having a multi-ring pad design. The upper surface of the substrate 
has a multiple of bump pad rings that corresponds to the die. Similarly, the bottom 
surface of the substrate has a multiple of ball pad rings that corresponds to the bump 
pad rings. In addition, relative positioning of the bump pad rings belonging to the 
same functional category also corresponds to the relative positioning of the ball pad 
rings. Note that each bump pad ring for a particular functional category contains more 
than 50% bump pads belonging to one bump pad type. Similarly, each ball pad rings 
for a particular functional category contains more than 50% ball pads belonging to one 
ball pad type. 

[0039] It will be apparent to those skilled in the art that various modifications and 

variations can be made to the structure of the present invention without departing 
from the scope or spirit of the invention. In view of the foregoing, it is intended that 
the present invention cover modifications and variations of this invention provided 
they fall within the scope of the following claims and their equivalents. 



o 
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